



INQUIRY INTO THE FEASIBILITY OF WEATHER 

RECONNAISSANCE FROM A 

SATELLITE VEHICLE 



,y. April, 1951 

R-218 



DOWMCaADtO at 12 yea;: 
iNTtSv.v.n. ;<iif automatical!.- 

OECLASSIHiD. COO DiH 5200.10 







CO 

CO 
CO 



y&>-22- 







OJECT RAND 



USAF PROJECT RR 1) 



INQUIRY INTO THE FEASIBILITY OF WEATHER 

RECONNAISSANCE FROM A 

SATELLITE VEHICLE 

S- M. Greenfield and W. W. Kelfogg 

DOWNGRADED AT 12 YEA!? 
Anril lo,l INTSWALS: NOT AUTOM&7ICAU.Y 
April, ivai DKLA , S:; | £0 . Ba0 QiR woain 



COPY 




DEC B^ODOR52? () i5;---'Sf 



WDSIT= 57 255 



Thi.d 


««^ *»*.**■ 


■he "* 


ion,.! cVenw of i!, e Unfad Sm>« 


within 


the meaning of Ihe Eipicnjge laws, . 


Title 1 


BU.S.C, -Scdiom 79J *mJ 794. ft 


iMMni 


Mion-orihe feveUtioo ofils contend 


in any 


fanner to jR.«nwifeofiM<)-p«n(j<i-tf. 


p.ohib 


ted fay b*. 



iZZJLZl 







PROJECT RAND 

iUSf.F PROJECT RR I.) 

INQUIRY INTO THE FEASIBILITY OF WEATHER 

RECONNAISSANCE FROM A 

SATELLITE VEHICLE 

S- M- Greenfield ond W. W. Kellogg 

DOWNGRADED AT 12 YEAR 
April 1951 INTERVALS: NOT AUTOMATICALLY 
DECLASSED. DOO OIR "i?OT.in 




"".TT'iiW''''''''--" L ' : 



WSIT' 57 255 



SUMMARY 

INTRODUCTION 

THE SATELLITE VEHICLE ... 

WHAT CAN BE SEEN 

Area Coverage 

Resolution and limiting Contra 



LIMITATIONS OF THE A 

WHAT CAN BE DETERMINED FROM HIGH-ALTITUDE OBSERVATIONS 

CIcud Identification 

The Analnie 

SUGGESTED METHODS OF ATTACK ON THE PROBLEM 

OF DETERMINING THE SYNOPTIC SITUATION 

RESULTS OFT1ISEE ATTEMPTS AT ANALYSIS 

VftitrgNo. 5 (NRL) 

V-2NO. 2S (AFCRL) 

Acrcb- A-7 and V-2 No. Jo 

Comments on the Ptcccding Analpcs 

CONCLUSION 

APPENDIXES 

I. DETAILED ANALYSIS OFSYNOPTICWEATHER ASOBSERVED 
FROM PHOTOGRAPHS TAKEN ON TWO ROCKET FLIGHTS 
OVER WHITE SANDS. NEK' MEXICO. JULY 24 MS 

If. FILMS AVAILABLE FOR THIS STUDY 



WUSIT- 57 2 55 



FIGURES 

1. Viewing',,,,™, 3 

2. Available contract with varying cloud and background albedos . U 

3. Vertical wind shear— tcmpcratuie gradient relationship IS 

4. Grjphiof representation of degrees of stability as given by lapse nlc of 

temperature 19 

5. Schematic representation of viewing 3 tea from rocket camera 25 

6. Synoptic situation m estimated /torn Viking No. 3 photographs. 

February 9, 1950 26 

7. Actual weather situation from weather map for February 9. 1950, 1 330 EST. . 26 

8. Estimated synoptic situation from V-2 No. 38, Decembers, 1947 28 

9- Actual synoptic situation from surface map for December 8, 19^7, 1 330 EST. . 28 

10. Estimated synoptic picture from V-2 No. -10 and Actobee A-7, July 26, 19-18. 30 

.11. Surface weather map for July 26, WS, 1130 MST 53 

12. Selected upper-air wind maps 35 

13. Composite photographs taken from V-2 and Aerobe* rocket flights on 

July 26. 1943 36 

U. Profile- along 52°N 38 

TABLES 

1. Resolution of clouds by sunlight 4 

2. Resolution of clouds by second- and third- charter moonlight 5 

3. Resolution of clouds by light of the night sky 5 

4. Possible performance capabilities for various image orthicon cameras, taking 

into account illumination sources 6 

5. Surface albedo and scene contrast of clouds against various background 

surfaces 12 



It is assumed that, in the event of armed conflict, aerial reconnaissance over 

enemy territory, similar 10 that obtained in World War II, will be extremely difficult 
if not impossible. An alternative method of obtaining this information, however, is 
thought to lie-in the use of the proposed satellite vehicle. It is obvious lh.it any meteoro- 
logical reconnaissance utilizing only observations from such a high-altitude "eye" cannot 
provide quantitative values for the parameters normally associated with standard weather 
observation and forecasting techniques. In determining the feasibility of surh a system, 
therefore, the questions that must be answered arc: (!) What extent of coverage an 
be «p«tcd from a. satellite viewing system? (2) In terms of resolution and contrast, 
what can be seen from the satellite? (3) Given proper coverage and resolution, whit 
can actually be determined regarding the synoptic weather situation from this information? 

A current technical report on the satellite' proposes several possible flight attitudes 
between 350 and 500 mi. For the purpose of the present study, however, only (he 550- 
rm altitude was considered to any extent. At this altitude, a vehicle would hive an 
orbital velocity of about 2-1,870 ft/sec arid ic one complete circuit of its orbit 

in 1.6 fir. Assuming that any regressive motion of the satellite's orbit owing to the 
spatial motion and oblate shape of the earth is corrected for, and that the area it is 
desired to observe is in daylight during the vehicle passage for an extended pcriod,this 

that, by means of mechanical scanning transverse to the path of the satellite, a continuous 
strip whose width is equal in order of magnitude to the altitude of the vehicle will:bc 
viewed. Utilizing a map of Russia with projtxllons of trajectories for a satellite at 35-f.ti 
mi and 4i3.3 mi attitude, dlrcit measurements were made of the area covered by differ- 
ent Strip widths. An area of 105,000 stj mi between latitude -l>° and 50°N was used. 
It was found that in the case of the 3 51 .6- mi satellite, one-third of this area wis covered 
grid fashion by a 100-mi-wtde strip in 2-1 hr, arid two-thirds of this area was covered 
grid fashion by a 100-mi-wide strip in -f3 hrby the -15 3.3- mi satellite. Both cases natu- 
rally indicated some overlapping, which increased as the original tangent latitude 
was approached. 

Utilizing photographs from recent vertically fired rockets (V-2), an estimate of the 
dimensions of the smartest increment necessary for proper cloud identification was made, 
this was found to be approximately 500 ft and is termed the "usable resolution" in 
this report. Entering Tables 1, J, and 3, which give resolution versus contrast for various 
values of frame speed, aperture size, and various types of illumination, showed that It 
was possible to obtain this value of resolution in sunlight illumination with contrast 
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between i loud and Uk,;«»ind of faction in per cent. An cramination of [lie albedos 
from lypM hackjcoiind objects, a, presented in Fifr 2. |»S= »• «"»P jfal "* <'""' 
albedos seems to in.licaic tbH II) per rem contrast i- ™'l* over a »* ranje of 
possible clou,l-(;rouml and cloud.eloud combinations, f life, therefore, appears to esnfcl.sh 
lhtfa*ili[yofdouiliiltmificalionfiomhi 8 halriliiJi.-!.iillnilfroioilicajiiJpiiiilof ■• 

contrast ami resolution. 

(Vine 10 the lack of ouantilativc measurements, the doisb most be utiBirf totheir 
utmost in detcrminine: the synoptic weather picture. Eirperienee and slatisticaUlimsto- 
lotjical values play their part in formine; this pictuic, and the process involves a hunting 
technique" that oscillates between the three main tools at the analysts command. Some 
detailed estimates of various parameters arc possible from the visual cloud characteristics. 
Items such as moisture content, temperature gradient, stability; magnitude or direction 
of vertical pressure gradient, wind shear, and wind direction all show promise of yield- 
ins I?"" 1 "•'•<*>"* °< "•= * m ' "'"" '" lbii ""* ° f ml)S ' ! ™ d ™ Wpi " S '° ' 
the final estimated synoptic picture. For any future operational use. this study has shown 
that soch ihinps as a cloud atlas of clouds eieiccd fiom above, complete climatolocical 
material on the area in ueestion (includ.'ns; a possible sialiiticai sinter of fluctuations 
from the normal of the various parameters as altiibul.d to synoptic systems and bloke* 
dovn into small ,e S ions of similar Jimale and topoeraphy), and perimeter weather 
nil immeasurable help Ihe job of the observer and analyst. As an aid to scttine, a feel 
f„ the problem 'involved, photo s raphs from three locket fliijhls .ere analysed and ihe 
synoptic situation wis estimated. These results and the actual ueathec for the coiicspond- 
•'ini; limes are presented in the section entitled "Results of Three Attempts at Analysis.' 
pa'ee 'J In an attempt to cnirclate further the locket photojraphs eviih the actual syn- 
optic fictute. Dr. J. Bjccfcncs. of U.CLA.. ir.dr T cndchtly made an analysis of pholo- 
Etarhs taken on a flie.hr on July 26, IMS. In this analysis, all other synoptic meteoto- 
loflal data available for that date wcte utilired. The icsults of this analysis are presented 
■ in Appendix 1. 
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INTRODUCTION 



: there will be large regions of the world from which ft 
ilher information by normal means. Owing to the fact 
onrtai«an«r depends, to a large extent, oh a knowledge 
be target, (he -lack of this information will be felt more 
ensiyc progresses. Sysfcmatic wealhdr reconnaissance by 

Although weather reconnaissance by means of aircraft is now a routine matter, war- 
rime defensive measures in Called by the enemy might seriously curtail the successful 
completion of this type of mission over hostile territory. A further solution to this prob- 
lem, however, consists in weather observations made by means of a television camera 
placed in an unmanned vehicle flying above tht: norma! range of defense weapons. Such 
a method has the double advantage of providing both a means of observation having a 
high degree of safety and reasonable probability of success and an over-all picture of the 
wide-scale weather situation that 15 lacking in normal. daily station weather observations. 

It is obvious that jn observing the weather through the "eye" of 3 high-altitude robot 
almost all of the regular Quantitative measurements usually associated with metcorology 
muit fall by the wayside. It is impossible to make, more thin art intelligent guess at the 
values of temperature, press and the remaining quantitative meteorological 

parameters. Because of this, the analyst must rely on the visible componentsof meteor- 
ology to ascertain to some usable degree the synoptic weather situation. 

Clouds, bcirig the < most easily discernible from extreme altitudes, become the 

important item and must be utilized to the utmost in forming a synoptic picture. It is 
apparent that from clouds alone it will.be impossible to Ictl everything about (he current 
synoptic situation. Combined, however, withboth theoretical knowledge arid that gained 
through experience, an accurate cloud analysis can produce surprisingly good results. 

The purpose of this report is to present methods of attack on the above problem, to 
show what may be actually seen from high-altitude; photographs (primarily a discussion 
on necessary resolution and area coverages), to discuss what may be determined from 
these photographs (both directly and indirectly), and to give some results obtained. 
Although all the present analysis is based on data obtained from vertically fired rockets, 
the experience gained therefrom permits recommendations on possible methods of 
forming a synoptic picture .from satellite-missile photographs. 



THE SATELLITE VEHICLE 



Owing to the- ever-changing pattern of the atmosphere, the need for almost constant 
surveillance must he foremost in any plan to tract synoptic weather situations. Any vehicle 
designed for inch a purpose must therefore have tin- ability to make many trips over 
the area m question. These traverses, moreover, must be made in -such a fashion that 
they not only cover a representative portion of tfit'area, but also complete their cycle 
often enough to enable an observer to notice any significant change or shift in the 
clouJ systems. 

Such a vehicle-is the satellite missile. Flying I.i^h above the uppermost reaches of (he 
known enemy defenses, the satellite becomes an unparalleled Instrument for weather 
reconnaissance when scope of view is considered. In the current RAND study on the 
satellite 1 various operational altitudes ranging between 350 and 500 mi are proposed. 
For the purpose of simplicity, all calculations and performance considerations, in this 
report will be based on a satellite assumed to be circling the earth at an altitude of about 
350 mi. At this altitude such a vehicle 4 would hive an orbital velocity equal to 24,870 
ft/sec' and would malce one complete circuit of its orbit In 1.6 be. Also, because of the 
fact that this missile is theoretically moving in a stable orbit around the earth, the globe 
turning under the vehicle causes the trajectory of the satellite to appear to "creep" over 
the face of the eatth, thereby increasing the area observed. 5 Depending on the. efficiency 
of the Dowccplant, the order of magnitude of the time period foe which the vehicle 
could be kept operating is thought to be I yr. However, in attempting to decide the 
satellite's full worth for weather reconnaissance, the questions that must be considered 
are as follows: On enough be seen from such altitude to enable ah intelligent, usable, 
weather (cloud) observation to be made, and what can be determined from these 
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WHAT CAN BE SEEN 



hfaturaliy, any estimate of.tht amount that can be seen from an extreme altitude must 
be a function of both the rcsoit'i'ig power of the camera system and the an.-3.th2: can kt; 
scanned and.recordcd (or reitviscd) and still retain usable detail. Much of the discussion 
and mtKt of the figures in this section arc the result of previous RAND studies conducted- 
byDr. R.S.Wchncr. 

AftEA COVERAGE 




Using the relation (sec Fig. I) 



where If" = sensitive clement width, in. 

«• = width of surfiic p KtuttJ p*r frame, mi 
F = foat length of i'jiiutj, in. 
J - oftiiil tinjjf, mi 
a = ane,le of view, Jci». 

and usint; Tables I, 2, and }, it is pottihlc to compute the width of square sutfjee 
viewed and the aneje of vie** for anj* pun anuta and jptttutc. This fm twn done 
and is summarized in T.iNe t. As an he Seen, if a ITinilini; re-solution' 1 of MX) ft is 
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set. it is iliil povudieio obtain [fm resolving power timler 'sunlight illumination wlih a 
(onsriit as low as 2.i per tent (with a 5.fi-m, aperture), Umlcr moonlight, however, 
this resolution is possible only with |(!0 per cent contrast, a very fast f/M lent, and a 
(nioim«ni exposure (>me of o.j? sec; urnlcr light of the night sky illumination it is not 
po«ii>lc at all. Assuming, then, that the chosen Hauling resolution is correct, theproba- 
bih'ty of ootaining identifiable elouj photographs onJer any out sunlight illumination 
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HESOLUnON OF aOUDS BY UGHT OF THE NIGHT SKY 
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Calculations ntuM alto be performed 10 arrive at the possible area covepgc. Since it is 
apparent that cloud observations, to be at all useful, have to be made over a wide-enough 
strip (ar least as wide m ihc height of the saitllite). it should be cor.sidered thir the 
omen will be mechanically scanned. This may be accomplished by means of a. 4S° 
plane mirror rotatable about the a»it of the camera. The mirror actually does (he "loot- 
ing" and scanning for the camera, which is mounted horizontally, its axis being parallel - 
to the axis of ihe missile. Taking a sequence of 20 lionotcrlipping frames will produce 
a strip 3)0 mi lon-j. transverse to the trajectory of 'the satellite, and 17-5 mi wide. If the 
camera is set lo tifce S frames/sec and the rotUaMe mirror k Iked with a fast snap-balk 
dtskt. Ihe system will then be tn position to rate asecond strip by the time the satellite 
has moved ahead approximately 17.5 mi relitive to the earth. (The speed of the missile 
rehire to the earth s surface is about 4.4 mi/sec) This «BI produce s enntinuews 350-mi 
wide strip around the earth «rfth each complete traiese of the missile. 

The daylight camera with an f/IO lens and an image otthicon television rube and 

proper ground coTcragc per frame. "Thh cronomariofi allocs a 50Q-ft object to be resolved 
with only Iq per cent contrast/ which h rcasonisly smalL ft should be emphasized that 
these figures are presented here merely to give some tsxfla of performance of vibring 
systems and not as a eocnptiea of the of. 'imam system performance. 



Some cikubiioas of total area coverage were also made by direct nKisurenxnts fasscm- 
Jng different strip vidibs) on a scale map of Russia. On (has map were projected com- 
plete cycles' of traverses for t=t> proposed saidliw trajectories. Once again. curta-Gxe 
of the earth sris neglected. The results churned are as folkwrs: 

I. rtws satellite wt!h24*rcOEnp!eto cycle (3W.6 ml altitt^ angular Telocity IS 
times that cf earth, and trajectory tangent to lit 56°N. (Moscow) 
Aisauiiag a 100-mi-aile stzaxiag feud (50 mi ca either itJe of pub}; la the 
vicinity of 1st. 45°-50°N, rating an area oF approximately 105.GOO st- mi, we 
find that is 24 hr the surface his Been carcrcd in a grid fashion such that about 
one-third (32,500 so, mi) of its area his been scanned and presumably teteriseti 
Atsammg a 200-mi-iriJe seaming btoul (100 mi on eaber side of /ufoj.' As 
may be expected, doubling the scanning band does not ejuite double the area 
covered. This is owing to some owrbpping of the bands. (It can be shown that. 



into! wt m the jKncnl topxt w the PtoSi*. JOQ-fc cedutiwu jtc araitifctc for rcwoaiuMuce. 
iii ii aUittuUc wilh 2 i per Cent WWlrirt wtsai using m f/IO Iras with a 2-iJa. efcjcithe in 
ii%hi illuminjfion (ice footnote to TaNe 1 moiled <t) ). 
"lailullr. the twinrorf of Ihc w:dli!c b set tinswit » a siwsi UtiiuJc. Owuijt w tic (cluii.: 



to «ver ihc area compfctcly, a scanning band approximately *JiO irii in width 
is needed.) 

As a fault of the grid-lifce (overage, ihc lOOmi-widc fund, at it* worst, sfioufd 
pEtfc up at lent portion* of Ihc largest. fliOit active weather disturbances and 
enough Of ihe remaining doud coverage (0 Orient (lie System in relation » 
ihegrcund. 
2. For a 43-hr complete tyde (altitude 453.3 mi. angular vefocitjr 14.5 times that 
of the afifc, and trajectory tangent to iat. 56*N. (Moscow) 
Asfammg a IQO-mi-wiJe icanmng band (iQ mi on either side of pall): \n the 
vkinityef lit. 45°-J0°N, using a region of approximately 251.000 sq mi. we 
find thai in -13 hr it las been covered, grid fashion, so that two-thirds of its 
area (148,400 *j mi) has been scanned and presumably televised. (It can he 
shown thai to cover the area, completely in * 4S-hr iydc a scanning band approxi- 
mately 250-300 mi In width would be required. 
The results so obtained gire an idea of the areas which can be covered (or scanned) 
from a vehicle in an orbit 350 mi above the surface of the earth. The 3J0-rni-wicc strip 
disaissed in the first part of this section will therefore cover m 24.hr a Urge percentage 
of ihc area between 45 e N. and 56 = N. over Russia* with considerable overlapping of 
sanning. jiirricuUriy around the 56th parallel. In any event, the coverage, as mentioned 
here, if idiicvcd with any measure of success, should prodoce good weather recon- 

KESOUJTION AND LIMITING CONTRASTS 

Since ft is no«r obvious that douds wilt be the chief meteorological dement directly 
cosembk frcn fcigfi-alDtwIc photographs, it must be ascertained bow dosdy these 
douds may be identified and what may be determined from them, either directly 
or indirectly. 

As can be seen front Tables I, 2, and 3, when a set of conditions such as aperture, 
ulumirution, exposure time, and focal length-aperture diameter rijfo of a given camera 
have been established, the remauuog factor for determination of the minimum resolution 
attainable b the contrast value, fri doud photography of (he type to be attempted from 
the satellite, otic b unable to choose the surrounding photographic conditions. Features 
such as background, lighting at time of observation, etc, are examples of the uncontrolled 
variables, and, as a consequence, any system >jf data gathering by photographic means 
must be flexible enough to give adequate resulis.ovcr a wide range of limiting factors. 
The question b: If the camera and optical system arc chosen, 1 " and if the various con- 
ditions of lighting, background, etc., arc assumed to remain. v.-ithin the limits providing 

" A lirjce pacrtib.i?: of the ate* ihnuIJ he <ovtf ed in the 2i-U iraiettwiy. anj i\«&X M shouIJ 
bescmrmJ in ibe -iS-hr traittlwr. 

me in the Midlife wuulJ he Ww eiftH«yity; J( > '"-V "tlhho* fUl-*} Itir. The (KM4<tc."tilk-j of 



usable rcwiution, will the resulting limiting contrail * Mill enable one to observe 

the weather under a wide-enough Ouj;c of itlu.ll condition? 

Before endeavoring to answer this question it is desirable lo define ifce term "usable 
resolution." It was thought that details of cloud structure as small a* several hundred 
feet in diameter might possess significance when an attempt was made to form a synoptic 
picture by means of cloud analysis. This was borne out when high-altitude rocket photo- 
graph* were cammed. Further reasons for assuming this to be the approximate mini- 
mum size to be resolved were found when 4 simple test was conducted on these photo- 
graphs. (The heights at which these pictures were taken varied between 50 and 70 ml) 
Using an adjustable viewer, the photograph was taken slowly out of focus until it was 
impossible to identify definitely the forms of clouds other than by saying that they were 
widespread or were in small dusters. For example, beyond this point it was impossible to 
distinguish between doselypackcd cumulus and a deck of altocumulus, and also between 
3. dense layer of stratus or alrostratus and the fibrous texture of cunnlralus- A study of 
other parts of the photograph, where recognizible or roeascrahle objects were located 
at ranges about equal to those of the douds, showed that the limiting resolution at which 
the douds low their disttnguishabiltEy was from 500 to 1000 ft. This is what is meant 
by 1 "usable resolution.** As may be imagined, this is at best only a rough approximation, 
but because of its apparent agreement with previously estimated values it should serve 

It was mentioned above that in order to obtain a known, usab!c resolution, ooce the 
camera and lighting conditions arc chosen, the limiting contrast value roust also be 
specified. It is obvious that if, for various combinations of docd-ground and doud-doud, 
albedo differences are such that their contrast values fall bdow the limiting contrast, 
these combinations cannot be observed by high-altituJc weather reswmalssancc. 

Hewson, in an arttdc in a. mcttorologictl journal" and m his boos: (written En collabo- 
ration with tongley) on theoretical and applied meteorology." calculated and tabulated 
diffusc-tcflecttoti coefficients fee douds of various thicknesses. In doing so, as a.result 
of the extensive variation of doud liquid-water densities and doud droplet radii, he was 
forced to choose one set of values for these two parameters. Those on which his figures 
are based are a density of 1.0 gm of liquid water per cubs meter of cloud and a droplet 
radius of 5 X 10- 'cm. Owing to the fact that these values probably apply to St large 
percentage of the usable clouds observable from extreme altitudes, they may be rosorubly 

twiir thin eulitr tjpo, ai*I i: "sopaWcof st&le operation without adjustment owe a wHe ranee 
of illKWWtioo intensity. Sino; it is not the puipoie of ihis report » ddvc too Jteptv into the 
tcrfinial aspnti of the probltm* of a television viewing sritcm. witr results of rooittuVn nwipu- 
talJwu for the inujw onniam tube arc presented hoc. These are Summed up "aTAles 1. 2.anJ:3. 
for tcrfinial informilion and espiitiwis involved, see R. B. J41W*, R. E. Johnson, .md R. S. Moore, 
RCA RrtiVir. Vol. 10, July, 1940, pp. 191-iU; anj A. Rose. TeTetision Ktkup Tubes and- the 
Ptpblcm of VtfEin;- AJrsviti i* Brthmti. Vol. 1. AttJermc Pw», Nc" -York. 1*4$. 

»' E. W. Hevwn. <W. /- Roj. ita. Sac. Vol. 69 (ItfM. p. 4?. 

«E. W. Hcwwn anJ R. W. ton K tcy. Mtt^nhjj. T*«-«««f ^J AftlM. John Wiley & 
Sons. Ine, New Ttuk. 19-14. pp. 7J-7V 



employed in rruting estinuiei for this study. These vj!u« are plotted in Fig. 2, the 
arJiuic ami ibsasu being contrast and fmfcgrouad albedo, rejpectireh;. Each curve 
represent* a particular albedo applicable to a. particular cloud thitdams. According to the 



where pj = brightens (alfcedo} of thebrightest ihragficwed 
(efther object or biricgnxrnd) 
ft= bfighta=Mof dirfcest object *w*ed (albedo) 
£:= contrast betvecn the ftso. 
From the ahoce iefiiuaoa, =sA cane, nay be represented by the foOo=icf[ relation: 
I -A. for./f» <il r 
C = 0. for^ = A 

I— £-. fcrA>4* 

wisrcC — mcJEMhcBscen object aJMfairigroijad 
vf> =aBe&)0f fadgrouad 
vf t =2&edoof dewisof woous tidinesses. 
U is therefore 5«o thai; except for the smill nuige of albedo coeabinaliGaS attend &t 
pome of dtKontfou "tfr on the nuns, * luge majority of jxssi^cl{^Hl-iis*5roi=aJ3lbeA> 
toa&nitkes fill within the nnre of at least 10 per cent contrast. As cm be seen from 
TaW- l, assontag at feat a. HJ-ia. aperture and reoiigbt nhimlnsion, an f/IOanxn 
w3I pertntt at least 10 per cent contrast for ^nmraitdjr 500-ft rcso&Hions." Table 5 
(pigt 12) gives the albedos for various ground emws. Applying these ralues to Fig. 2, 
it on be seen that, except for the case of ne*If fallen a»» combined with doeds &iefcer 
thin tjQO loads and the cue in which the background albedo approaches Tery dose to 
doud albedo, 500-ft resolutions arc obtainable orcr a wide range of conditions. 

There is ooc other factor that might limit contrast and, therefore resolution. This is 
aerial hue between the camera and the groand. As fas recently been shown insevenl 
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LIMITATIONS OF THE ANALYSIS 



It a a known fact that the reliability of any form of synoptic meteorological analysis 
depends on the experience of (he analyst. An analysis of the type dealt wiih in this 
report is no exception. If anything, ir « ei'en more dependent on analytical experience 
because of the spaBeness of data and the difficulties m interpretation. To date, the 
meteorological cloud atlas has Been built up almost entirety from ground observations. 
The ehange-ovcr to "looting down™ upon the (lauds meant that the dominant features 
which served to identify type* of clouds when observed from the ground are no longer 
to be seen. The halo and corona that served w well to classify cirrostratuj and altostratus, 
respectively, arc absent. Also, (he upper surface of large-scale (loud decks is, for the most 
part, completely different in jppcarance from the lower surface Three/ore a completely 
new concept of dewd-identification features must be formed, and only those espcricriced 
in these new concepts will he able to mate an intelligent analysis. 

There is also danger of an incorrect interpretation of the cause /or the douds, which 
might lead to a cemp Iricly erroneous analysis. Tike, for example, tfcc.cisc in which the 
entire picture under: consideration exhibits one complete deck; of clouds. In this case (he 
deck of douds might be stratus caused by radhtional cooling and so might constitute an 
entirely local phenomenon. An analyst looking at this situation might jump to the con- 
dusion that the clouds in ijucttion were of frontal origin, possibly altostratus, and might 
forecast accordingly. It h evident that a forecast made from such an cftOftcOuS assump- 
tion of trW cause would k completely incorrect. (Method* of attack on this problem of 
analysis arc treated more fully in a later section of (bis report.) 

There are also many definite advantages 10 be gaincd-ifl the analysis of' weather by 
(bis method; chief among these is the fait that extremely large areas may be visually 
observed in a relatively short period of time. The disadvantages of large gap* (between 
stations) on the usual weather map arid the comparatively limited field of view of each 
ground observer arc eliminated. What is obtained is, in effect, the cloud pattern intc- 
grated over a wide area. From many points of view this is highly desirable, owing to the 
fact that, for tho first time in the history of synoptic meteorology, the classical models of 
various weather situations may be examined in tola. 1 * 
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WHAT CAN BE DETERMINED FROM HIGH- 
ALTITUDE OBSERVATIONS 

CtOUD IDENTIFICATION 

Assuming, (torn the previous action, that cloud shapes of the order of 300 ft or more 
in diameter are distinguishable from an altitude of 3JO mi, the problem of identifying 
these clouds mi be treated. As stated previously, attributes and/or phenomena that served 
to establish the classification of clouds when viewed from the ground arc almost com- 
pletely different when !hese same cloud* are viewed from above. The question is. What 
can actually be done to tell the various cloud forms apart? 

The solution to this problem may lie in a new dissipation system formed by means 
of close correlator! of observations of clouds viewed from above with observations of 
these same douds viewed from below. In this manner, an atlas of identifying cloud 
features as scanned from extreme altitudes might be built up. Uiing this information, 1 
trained observer sho-ild have little trouble in establishing the identity of almost any 
visible cloud. The importance of such ah atlas cannot be over-emphasized, because the 
degree of confidence in a synoptic picture formed from this type of observation or in 
the subsequent forecast becomes eifretnely small if the identity of the douds cannot be 
established. An- attempt along these lines has been made, utilizing several series of photo- 
graphs talea t'njm V-2's fired at While Sanjj, New Mexico. It should be fcept in'mind, 
however, that this.attempt was made using data which were not originally gathered for 
this purpose, and the ricccssary ground observations arc therefore not available for posi- 
tive identification purposes. Because of this, the results presented here are a classifica- 
tion and identification based on the writer's observational experience. 

From 2 study of the above-mentioned photographs it was observed mat two general 
cloud forms stand out from each other under the usable resolution conditions. Since these 
two forms are also two types of doud formations, most other douds can be considered 
as being a special form or combination of these and may be so categorized, this is 
partially attempted in the table on the opposite page. 

it is noticed that certain formations of clouds very often assemble in over-all patterns 
peculiar to these formations. Clouds, therefore, may also be partially categorized accord- 
ing to pattern. In the case of douds formed by globu'if masses joined together to 
produce a single layer, the pattern is still apparent to an observer on the ground as 
a result of the differences in light intensities caused by the variations En cloud thEctnesj. 
It is likely, therefore, from thcswtion on cloud contrast, that these patterns will also be 
visible to an observer stationed above the layer, owing to the difference In altX'lo values 
caused by cloud scdions of different thicknesses. These patterns arc very useful in cutting 
down the overlap present in the following table. 
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It Helen: that any attempt to forrnuhtc on atlas of cloud appearance as seen from high 
altitudes Cj a major undertaking. The work done on the suhjat in this n^ottTfepresenrs, 
at tor, the begins of the worfc that must be JCtomplhhcd to mike high-altitude cloud 
photographs a usable weather loql. 

THE ANALYSIS 

Hiving once established th^ identity «f almost ill the rfouds newed, the formation of 
the synoptic Weather J> ictufc tjcCOmes the next problem. The following question arises: 
Given an over-all ttoud picture, what, in fact, cm be determined, either directly ar 
indirectly? 

According to conventional mctcorolo.sicil practice, the various parameters, such as 
pressure, temperatures, etc, are plotted on a imp, anil the subsequent analysis of these 
quantities, produces the synoptic {white. Almost the reverse is true m the case at fund. 
Here the synoptic situation must first he established, and the various |uramete» must be 
estimated from it. Actually, it is not quite so; straightforward a procedure. Rather, ft 
becomes a "hunting" technique, in which one nubs a first approximation to the ovcr-itt 
weather 'situation, usmi; the clouds, and, from this, a first estimate of the value of tem- 
perature, pressure, humidity, etc. This picture of the weather is. then modified to fit 



obvious deviations of (lie estimated values from thaw indiiniiy observed. Tliii proem 
(ontimtM until .a siiisfauory «it»ation is evolved that appears to fit all existing condi- 
tions (an attempt being made to satisfy both p ftyfiral ami theo/cK'tal contidt rations); 
from this, fmat estimation, of the various parameters a.c made. (Several possiMc ap- 
proaches to the problem of approximating the synoptic picture arc Ji«MSicJ in thestction 
emitted "Suggested rVfcthdds of Aitxk-on the Problem of Determining the Synoptic 
SilUtion," page 22.) 

The normal observable meteorological parameters may be divided into two main cate- 
gories, viz., those that may be estimated in some measure directly front observations of 
the clouds j'ld/br ground, andihosc that rc<juirc * knowledge of the ovcr-sll weather 
patterns before an estimate on be made, fri the first category nuy be listed wind, hu- 
midity, precipitation, and 2 variable not normally considered by itself is sucrVr-degrce 
of stability. In the second listing may .be found pressure (and pressure tendency) and 
temperature. Before an attempt at its anaiytls can be made, 2 considerable amount of 
experience and general knowledge of the workings of tht atmosphere ts required con- 
cerning each item, regardless of whtrhmegory it coma under, ft is found that this 
estimation method is neither x quick nor 2 simple process, regardless of the qualifica- 
tions of lite analyst. Rather, each of the items requires 1 very careful study and the weigh- 
ing of all the possible influencing conditions before, approximate values can be assigned. 

As 4. result of this pilot study. Several suggcntcJ methods of ratimatirtg the various 
roerrefologiral parameters wen? evolved and arc discussed as follows: 

Wind 

3. From the established meteorological models it a assumed that certain dcftn&e 
wti&cr situations will produce certain sequences of cEouds preceding or following them. 
This will therefor [end to orient the situation with respect to the ground. Once this 
cricntictcn his been established, the wind direction may be jppmrirruted through 2 
fcrMwfcdgcef (he thcpretkalcircuLuion associated w-th a given sjiH^iter-wcaiher jstiutson. 

i !t"hts;bccri notKed in jeveral prtotographs that, m the piffle Cs strong upper 
winds, ciimslas 1 thai have formed in mountainous team ry ,;p^ei> to-form to the 

Ice of (He rofi^ataios rather (Hah lo theif e-irhlVard. sU?. < : !&^:j>tcsc39r of very light 
win&, it was no&cd that the cumulus tended. td-/o^:-ftiVjhe t*ii; of the mountain. 
T^^xsonxnon requires further study before JS d&t^ t^ ?urialectt is an ohaerri- 
tiOfia! toot can be determineJ. 

3.-Gwifig to tire fact that cumuWit^s ^i^U ^nsn-|-f?«rt jslo* as I &M ft up to 
^^Insdfejssn fcf i:«-«riical shear within the layer. 
LiI(^i:of-^5be*oa!4 -l* -?a Wfeaiiw; of the direction 

\ c v. r«- J-jm.!" I *h^ d ^(j,, u the jwibi! J that 
Jill hp^Fcfthst tjic di^pJii^^nJ Wftrity distribution 



■it one particular level, it may be possible lo tomtrmt a picture of the change of wind 
direction wiih height in the layer under consideration. 

*I- A further indication of wind direction (in -the lower level)) wu observed when 
small, detached cloud) were seen to form in line, streaming from a mountain top. These 
could be due to moist- air being forced upward by the mountain and then moving down- 
slope on the lee side, causing the formation of small "rotor*" or individual cellular 
eddies each rapped by small cumulus clouds and extending for a considerable distance 
downwind from the mountain. This phenomenon is fcnown as a "standing wave" and is 
often accompanied by other standing clouds at higher aJiiiudcs. 

5. ft his also been observed in a layer of straits overlying mountainous terrain that 
air Tunneling down a valley and spreading out in a relatively flat section produced lines 
and swirls in the top of this cloud layer that closely matched the path the air must have 
taken. This action may be very useful in determining wind direction in sections com- 
pletely covered by sheet-type clouds and may be found to be of further ax over areas 
that arc not particularly mountainous. Although photographs of large Hat areas were 
not available for analysts, it is thought that wind-direction determination in these sections 
may still be accomplished in the loner Icvck. This may be done by utilizing many of 
the above methods and several others that could be an outgrowth of such art analysis. 
One such method might use the inherent uniform structure of a status sheet. In this 
case it is though! that if a sheet parses over flat ground on which there ate isolated 
protuberance* projecting into the sheet, a svafcc will be produced in the cloud that may 
also show up when viewed from above and that will stretch downwind from [fcc object. 

The starting point for any determination of !cmpcnBi:e must be the statistical norma! 
for that time of the year. The first estimation may then be modified. by the viritai 
affecting conditions. The prevailing weather situation provides the first modifying 
influence-. This estimation is, of course, dependent on the analyst's: ability to estimate 
the synoptic conditions with a degree of accuracy that will answcr.lhe question. Is the 
sector under observation being affected by relatively cold or warm air? Good systems, 
wind directions, and even forms of g.-ound cover (snow, etc.) will help in deciding 
this. This is the first indication of the: over-all complexity of this type of analysis and 
serves as an actual illustration of the "hunting" technique mentioned above. 

Upper air temperatures may be eaiinutcd in the same manner, clouds indicating the 
boundaries between air misses (fronts). A further help in estimating this quantity a 
the fact that, once hiving decided ori a ground temperature, the degree of stability 
(indicated bj vertical development in clouds) and the presence or absence of intervening 
fronts will enable one to construct an applicable temperature lapse rate. (The degree of 
stability will determine the departure from an adiitutic lapse rate, while the degree of 
cloudiness (moisture) will help an analyst to decide wither to use the moist or the dry 
aJiabatic I-"ttc rale as the limiting one.) 

Vertically developed cloud will also aid En detcrminiiig t'.e temperature gradient of 
the surrounding area. This is true because of the fait that the vertical shear, as indicated 
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by the slope of toweling cumulus am! tomu clowh, orients (he direction of the 

higher an j lower tempcraturM in the afci; This method U employed by taking the direc- 
tion of vertical shear as being from tfic lew levels toward (he high levels. If one then 
faces in the direction of shear in the northern hemisphere, the lower temperature will be 
on the observer s left and the higher on the observer's right {sec fig. 3), 




furthermore, it is virtually impossible even to make a quantitative estimate other thin (0 
state whether the area is thought to be under the influence of a high- or a (ow-prcssure 
system. Charts of average pressures for various limes of the year in different areas of 
the world are available. Using these and the weather situation at the -tinw, trends of 
pressure may be established. Thii information when applied in conjunction with fcfio*fl 
weather on the perimeter of Russia may be a very useful too! for forecasting purposes, 
tittle work has teen attemptc this subject in this pilot study, .arid the above should 
serve only as 1 possible starting point for any detailed research along these lines. 

C F* Brooks' 1 points out some further pressure information that may be obtained 
from clouds. He says, in effect, that; since in the presence of any constant vertical shear 
the cumulus clouds will tend to lean ot slope (the amount of departure from the vertical 
being a resultant of the vertical velocity '-and the rate of change of wind velocity with 
height), any cloud (hat has a uniform rale of vertical growth and a JJO° slope through- 
out is an indication of the 'uniformity of wind velocity in 

cafes a dxrcjse of horiidnul pressure gradient with height. (This can be shown very 
simply by an examination of the gcostroph ic wind equation 



'.-&)*• 



where V t = the gcostrophii: wind vehxitj 
p ~ density of air 
dpffri = harEiontal pressure gradient 
A = Coriolis parameter. 



It Can W seen ifnl since X, which depend* on the sine of the latitude, will remain constmt 
and f> decreases with height, dp/dfi must jd» 'lecrcasc for V t to remain constant.) ITiij 
decrease turns out to be very small when actual values arc used, fn the use of a 
uniformly growing tain u lus thit slopes in its lower layers and then straightens or- even 
bends bzefc on itself with increasing height, the decrease of the horizontal pressure 
gradient with height is (as Brooks also points out) much stronger thin in the previous 
cue. If one assumes that the slope of vertically developed clouds may be observed from 
350 mi altitude (at least at the edges of scanning strip), further pressure data may 
be gathered. 

D«grt« of Stability 

As his btin mentioned above, the degree of stability in a given layer may be esti- 
mated by the amount of verticil development present in clouds. In any mechanism of 
vertical development, the stability of the air plays a major part. Ccnvectiee, orographic, 
or upslope lifting may produce clouds to the absence of instability, but, for any large- 
sale vertical build-up of clouds, a great tendency for the atmosphere lo "Overturn" 
must be present. (Absolute instability is 
fa&sq to mean thai the decrease of tem- 
perature with height is greater than the 
dry adiaballc lapse rate. In the presence 
of unsaturated water vapor, the dry 
adiabatic lapse rate Is about 9.S C/km, 
whereas, m the presence of saturated 
water vapor, the smaller saturated adia- 
tuiic lapse rate with 3 nonlinear variation 
of temperature is used.) In the presence 
of water vapor, the latent heat (energy) 

of condensation that is released when the air is forced to rise arid its 
condense rruy be sufficient to continue independently the upward motion. This motion 
indicates a condition of instability where none may have existed at the; beginning of the 
process. Continuation of ibis motion, therefore, indicates. the instability of the air in 
the presence of saturated water vapor and is evidenced in towering cumulus or cumulo- 
nimbus. If, on the other hand, condensation occurs but the ascending air is not provided 
with a sufficiently large amount of heat so as to warm it. to a higher temperature than 
that of the surrounding air, the layer is considered absolutely stable and may be char- 
acterized by smooth, flat-topped cloud forms, usually arranged in layers or sheets. This 
is also true when a small layer of instability is "capped" by an. inversion (increase of 
temperature with height). This concept of absolute stability, absolute instability, and 
conditional instability (unstable or stable depending on whether the water vapor \ resent 
condenses or not) is presented graphically in. Pig. -t. 

It nuy be said that. En the presence of vertically developed clouds, a dry a Juki tic 
lapse rate (or very close toil) exists Mow the base of the cloud, a, relatively steep lapsie 
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s within the cloud, and a relatively stable lapse 



:s above the ctdiid. In 



the case of flat-topped Of sheet-type clouds, it /nay he that, alt! 10 ugh instability may exist 
in z .imallfaycr comprising the, cloud, an inversion layer of very ir exists imroe: 

diately above, causing the cloud to slop its vert in i growth. 
In tiii- [taper ori clouds, Brooks'* suggests trie following further refinements on this: 

1. Detached, lumpy cloud with a flat base and rounded top bis (d) adiabatic lapse 
rate below it, (b) greater than saturatcd-adiibatic lapse rate (unstable) within 
the cloud, and (t) almost the same lapse rate n (£) (unstable) from its [op 
to the height that ike cloud will grow. 

2. Towering, sharply-bounded cumuliform cloud: The diameter of cloud at differ- 
ent levels is ah indication of the relative steepness of (he lapse rate (except in 
the presence of large wind shear). "The narrower such a cloud or cloudlet I), 
relative to its height, the greater 

This provides one with very rough criteria for estimating the degree of stability of the air. 
To sum up. water vapor in the air is a latent source of heat energy. When moist air is 
carried rapidly upward, the water vapor condenses in the form of liquid droplets and 
thclalcnr heal of condensation is released to the surrounding atmosphere. Itis ihis source 
of latent heat thai feeds thunderstorms and other types of vertically developed clouds. 
Cumulus clouds arc an indication of mors! relative instability, and, conversely, 

when there is moisture in the air there will be a greater tendency toward convection 
and turbulence. 

Mohlur* 

Goads, being composed of water dropfcts, naturally indicate the presence of moisture 
in the atmosphere (sec the above section). Resulting from the difference in formation 

ample, cumulus and cumuliform clouds of vertical development require the entrainment 
of continuous supplies, of moisi air to prevent their complete evaporation shortly after 
farming. It can therefore be said that with this type of cloud wc may associate fairly 
moist air near the surface. In like manner, positioning of the moisture in the atmosnncrc 
may be associated with other cloud forms, and an over-all estimate may be made from 
visual observations. Once the synoptic picture has been established, closer estimates may 
lnictcn. and the value of moisture content 
may be worked into the "hunting" technique previously mentioned. 

Fracipitallon 

Although it will riot be possible to observe any form of precipitation ditcilly, it is 
known that the largest amounts usually fall from two huin types of clouds: cumulonimbus 
(showers'—hail, rain, show, etc.) and nimbostratus (steady precipitation, sleet, etc.). 
Furthermore, the probability of precipitation in one form or another, which arises when- 
ever these types are present, is higher than for any other, types of clouds. Further infot' 

i*lbU. 



nation nay .be otainwt from ihe fuMfi3ririray.be pojsiMe to di«ingui(h btiwecn 
newly fallen snow and old wow, owing (o a difference in albcdoi (sec Tabic ), 
P 3 S C 12), and ! he hew snow may Hicn be connected with Ihc proper form of cloud 
observed liawm'sci-i from i(. 



SUGGESTS METHODS OF ATTACK ON THE 

PROBLEM OF DETERMINING THE 

SYNOPTIC SITUATION 

From (he above discussion it an be seen that the analysis is based primarily on cloud 
observations. During ihc course of this study awn! systematic methods of accomplish- 
ing these prcientcd {licr.i-.cUev Although neither lime nor proper data were available 
for a complete study of Oiwe possibilities, the most promising acre considered and ate 
presented herewith is a gui Je to any more intensive study. 

1. It is suggested that 3 typing of clouds as to r-wre rather than jpfeuMC* will greatly 
facilitate the identification of the synoptic situition. CI us i fit U son into two main cate- 
gories tvould constitute a possible breakdown, as follow-s: (j) Regional clouds (ibosc 
caused by purely local conditions), and (A) minting cloud systems (clouds (bit appear 
to move is a unit). This breakdown might then k- coupled «iih a knowledge of the 

2. It t4 a recognized fait that similar synoptic situations occurring under different 
climatic and/or topographic tcnJitions may produce radically different weather. A 
Statistical analysis is therefore suggested, in which (j) the desiied area is divided into 
small regions of similar clinute. geography, etc-, and (&) a statistical survey of cloud 
type* and associated weather found with various weather situation* (fronts, etc.) in each 
region is made. 

3. Owing to the fait that identification of frosts as fronts may be scry difficult, it is 
suggested that it may be possible to identify a?,- ,tu«cs from high altitude pictures and 
to utilize them in the formulation of the synoptic {■•it.ture. Since general classifications of 
air masses iniluJe as integral identifying fcatorei the stability of the air. the moisture, 
and the type of clouds prodded in a given air truss, this should net be loo difficult, in 
many cases. An ait-mass identification has the further advantage of establishing more 
closely the possible limits of ;5-c various meteorological parameters. 

•J. A further possible method assumes (he ability to secure synoptic, essentially 
perimeter, weather information from all parts of the world other than Russia, On this 
basis all weather systems attaint; and leaving the area will be known, and a measure of 
continuity will be established. It is a relatively simple matter to identify a system once 
it is known that such a system is present. Omc a weather situation is so identified, it 
can be eamuikcd from high-altitude pictures, and not only may it then be tracked 
throughout the desired area, but any overall thinges or modifications that affect the 
visible paraniitcrs may be almost immediately not iced. It is also likely that, having a 
complete analysis of the suttoimding territory and many satellite observations of the 
unknown area (tbtough whKh it is possible lo get fixes on systems and to fwrninc 
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visually the over-ail weather picture), a complete analysis of the desired region will 
become a much simpler thing to construct. 

Each of the above suggestion! affords excellent possibilities of providing the required* _ 
information. It should be kept m mind, however, that these suggestions appear to offer 
the best solution when systematically used together. 



RESULTS OF THREE ATTEMPTS AT ANALYSIS 

As discussed previously, an .attempt a a weather analysis was made; in which aip«t 
photographs taken IVern vertically fired rockets were used. Very little information was 
used other than that supplied by the applicable surface weather map with which to check 
the results. 

These results should not be construed asproving or disproving any of the previous 
discussion, as (he observations were not conducted as a test of the suggested methods. 
Rather, these attempts were conducted m order to gain experience in handling the prob- 
lem, and the results are presented merely for the background information. 

VIKING NO. 3 (NRU 



What Was Obs«rveci 

Because of the tilt and rotation of the rocket near peat altitude, the pictures there are 
divided into sequences of nine frames, each interspersed with shots of the sky. Since 
each sequence views whit is relatively the same area, only one set need boused. Foggt- 
nas of the film prevents positive orientation or identification of clouds. From a knowl- 
edge of past performance, however, the rocket is assumed to t* oriented as shown in 
Fig. J, and cloud types arc estimated from ovcr-al I appearance and contrast. The apparent 
cloud picture is as follows: 

Over the launching jrca.therc appears to be some cirrus and cirrostratus, A layer of 
thicker clouds, apparently a Itostratus, spreads away from this area and back toward 
what appears to be a line of convergence En the west and northwest. There is some 
noticeable vertical dotlopment sad possibly some nimbostratus closer to this line of 
convergence. Trie vertical development observed appears both as detached masses (the 
type that might be associated with orographic or connective lifting) and as that Occurring 
in the tops of stratiform ciduds. 

Synoptic Situation— Preliminary litlmoU 

The layer of wlut appears (0 be cirrostrattis is indicative of convergence in the upper 
layers and possibly indicates convergence and a low-pressure center at the surface (to i the. 
west of the cirrostratus)- I" theiiwat hand, this is further verified by the presence of 
a roasutefablc deck of altoMratiu further in the distance. This: type of cloud cover u 
normaHy associated with upslbjH- motion, and, judging by. the prevailing winds aloft. 




Kg. 5— Sthtmollc rtpr«»ntalion of vltwing 
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2 line of convergence nay lie in the west and northwest section of the photographic 
area. As a result of the pcculiir erichtition of the cloud sequence, vo., cfrrifotm clouds 
in the foreground m the west cfcground, one 

is led to believe that this line of convergence extendi from the northwest and west down 
towird (he southern border of the United States, 

Winds. Despite the fact thit no direct obsemtions of the winds (from clouds) were 
available because of the poor photographic conditions, estinuta cm be nude from the 
synoptic situation. 

In the presence of a frontal condition as estinutcd above, the winds to the east of 
this sup posed line of convergence should be southwesterly to southeasterly, depending 
on the distinct: from this line The wind in the vertical should be primarily from the 
same direction. To the west of the line of convergence, the winds would bccspcctcd 
to be west or northwest in the lower bjefs. 

Ttmptraturt. Taking into a 



uulysis ate piescntcd in 1'ijj. <>, and 
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What Wos Observed 

Films were very clear, and data were available (rem t™ eamecas located in different 
parts of the (octet. Details such as landmarks, roads, airfields, and towns were partially 
idenrifiahlc, and (he general tilt of the rocket and the scope of the photographic sweep 
were ascertained. (Tic over-all cloud picture is as follows: 

To the wei. and westnorthwe,t lies a very extensive layer of alroslrarus. To Ihe east 
of this layer and in ihe immediate west and northwest foreground tan be seen parches 
of cumulus and srrarocumulus. This layer slretches completely 10 the horizon in Ihe north- 
west (approximately 100-700 mi) and cither this or an adjoining sheet of clouds can 
be seen on the hoiiaon in north and north-northeast quadrants, The area within 7J- to 
loo-mi radius of the launching site is almost completely clear of clouds. Various widely 
separate cloud elements (cumulus, lenticular clouds) can be seen throughout Ihe camera 
sweep in olher directions but they appear to be caused hi local or topographic conditions. 

Synoptic Situation — Prtllrnineiry Eslimald 

As in the previous example, it appears (hat an area or line of convetgence or upslope 
motion lies quire far 16 the west and northwest of the launching area (approximately 
300 mi), the posilion of the area of complete clearness and (ho estimated position of 
the line of convergence suggest that Ihe low.kvel flow in Ihe foreground region is from 
the soulh and soulhwcst. To the north and northeast, the layee of clouds that appears on 
the horiaon seems to be of a very thin nalure (eirroslratus or (bin allostrarus). 

T.mptrtslur.. As in the previous case, dilections of temperature gradients were esti- 
mated to fit the existing sirutlion and are plotlcd on Fig. 8. 

ttsulf. of Iht Analysis. The esrimsred and actual stations appear in Figs. 8 and % 
respectively (page 28). 

AEtOIEE A-7 AND V-5 NO. 40 

On July 36. WW two rocUs were lired approximately one hour apart. The unusual 
quality and quanliry of clear photographs obuined from lliese filings merit their mention 
in this report. At fir.l gl.n.e Ihcrc appears lo be no c.ur.ente of great meteorological 
interest, bur en .loser inspection a cleat picture oi synoptic interest becomes esijcnl. 

Airobao A.7 

D.le»fK"K J.lrM.H« 



Due to the close proximity of the two flight* their data are considered as one unit. 
What Wot Observed 

To the north can be seen scattered cumulus and cumulonimbus over the mountains, 
with a deck of aJtotfratus or altocumulus in the distance, just south of Albuquerque and 
spreading west as fir asFIagstaff, Arizona (this appears (o be a possible line of con- 
vergence and may indicate the leading edge of a front at that level, 10.000-15,000 ft). 
To the immediate cast lies a relatively clear area, white to the northeast and background 
cut can be seen further evidence of an aftostratus cloud deck. This appears to indicate 
that this possible line of convergence may be discontinuous to the immediate east, appear- 
ing JgJ'n several hundred miles further east. To the southeast can be seen occasional 
patches of stratus and altostratus, indicating possible low-level flow from the Gulf of 
Mesito. There is a widespread cloud cover to the south and southwest (Mexico) which 
consists of altoitralus and stmocumulus, cumulus and cumulonimbus being seen over 
the mountains. To the west there is considerable cumulonimbus activity, with what appears; 
to be a large deck of ctrrosiralus covering part of Arizona. The towering cumulonimbus 
in the west and southwest appear to slope toward the north and nonhwcit, and those in 
the south appear to slope toward the west. This, combined with the ""tom-off direction 
of the topi, Stems to indicate that the upper-wind direction is from the south, southeast, 
and cast, respectively. Over the mountain range immediately to the northeast of the 
launching site, small cumulus clouds can be seen streaming from the peak tops in an 
east-northciacriy direction, indicating that winds at that level (t 0.000 ft) arc from 

Synaptic Situation Analysis 

Thetc appears to be no major low-pressure 
of range of the photographs and associated with the apparent line of convergence to the 
north of the launching site. From the apparent directions of the wind (deduced from 
clouds), one possible analysis of the situ is that a large high-pressure area covers 

most of the sonlhwest (Arizona, New Mexico, etc.) in the upper layers (20,000 ft), 
while in (he lower layers (-(O00-I0,ooo ft) the center of this high is shifted east. From 
the ajnountof cloudiness to the south an the apparent direction of the 

wind in that quadrant, there is a, possible indication of a warrru moist tongue of air 
advancing frum the suulhearf and recurving back to the north and cast Directions of 
temperature gradients arc cstinuted by using the shear as indicated by the slope of the 
cumulonimbus domls {this method has been explained previously). The results of this 
analysis arc presented in Fig. 10, and the aitual synoptic picture is shown in Appendix I. 

As indicated previously, Only trie photographs Were used in performing this analysis. 
In ah effort to associate weal her parameters and 'features -more closely with those visible 




In a rocket photograph. Professor J. BJnkhcs, of ihc University of California at Im 
Angeles, has reanalyzed the flights of July 26, 19-18. using ail the synoptic information 
available. His results arc presented in Appendix I. Atto-irjSei-tl in Appendix t is an 
illustrative mosaic of the actual photographs taken on these two flights. 

COMMENTS ON THE MECEDING ANALYSES 

Although some of the discrepancies in the analyses ftuy be exp lamed by the difficulty 
usually encountered in locating fronts in mountainous terrain, it is obvious that much 
more thin a simple loot at a ttoud photograph is needed. It is not necessary lo elaborate 
on these needs, as the suggested methods of satisfying them have been discussed in the 
previous sections. However, one can easily see how applications of such items as 
perimeter weather, etc, to these attempted analyses would have greatly improved the 
final results. The reader should also keep in mind the fact that each observation was 
made from a vertically fired rocket, and its field of view was, therefore, comparatively 
limited. In the case of the satellite this limitation would be partially removed. 

Seven! interesting things arc to be observed from these analyses, such as the follow- 
ing: (t) The fact that by simply using the analyzed circulation (b«th theoretical and 
observed) and a knowledge of regional climatology, one was able to obtain good estimates 



of the actual temperature-gradient direction; ami (2), (hat these photographs would he 
of considerable assistance to normal means of forecasting. It was noticed, /or example, 
(hat in photographs from the three latter roefcet flights one was ahfc lo see .a layer of 
rimi* clouds in ihc distance (denoting convergence aloft) that later (within 12 to 24 hrj 
resulted in regions of widespread precipitation. "" 

Obviously many more photographs of rocket flights exist than have been analyzed 
here. However, for various reasons it was not possible to perform a full analysis on 3 
great majority of them. AH the available photographs are listed in Appendix If, show- 
ing (heir decree; of usefulness to this study. 



CONO.USION 



In the section entitled "What Can Be Seen," page 3. irwav*how n that, given * 
least'50O-ft resolution, it was possible to differentiate between the uncus types pf clouds. 
Under "LirmutiofK of the Analysts." page 15, the possible limitations to the type of 
analysis [o be studied were indicated. Given the identity of virtually all the cloud forms 
viewed, it ms further shorn), in the section entitled "What Can Be Determined from 
High-Altitude Observations," page H, that it may be possible to estimate the vatiw* 
meteorological parameters under certain conditions and asiianptions. The mini assump- 
tion was that some estimate Oi- the over-all synoptic situation could he made initially anil 
a "hunting" technique could be applied. Several suggested methods of estimating the 
synoptic pitturc wcic presented and discussed. 

This report has attempted to show what is thought to be necessary in the mating of 
such an analysts. It is obvious, however, that, with the limited data available, many 
important points may inadvertently have been overlooked. An iramity of this typecan 
therefore serve only is a guide to a full-scale study of the subject, in which every sug- 
gestion and method is put to a full test and is cither accepted, modified, ot discarded. 

The development of all the suggested methods mentioned in this report appears to 
be feasible. At -any analysis depends on its integral parts for its accomplishment, from 
this standpoint, if from no other, the analysis of synoptic weather from satellite obser- 
vations is also feasible. 



APPENDIX I 

DETAILED ANALYSIS OF SYNOPTIC WEATHER AS OBSERVED 

FROM PHOTOGRAPHS TAKEN ON TWO ROCKET FLIGHT? ' 

OVER WHITE SANDS, NEW MEXICO, 

JULY 26, 1948 

Br ). BjERKNES 



THrFROMTAl CtOUDS 

In the composite picture from the highest Etude of V-2 No. 40. a strip of fiat doud 
(actually altostratuj and altocumulus) can be seen in the northwest quadrant, extending 
from the Rio Grande 300 mi wist to Flagstaff, Ariiona. That cloud stri^-can be identi- 
fied as bang trie remnant douJ of -the. trailing end of a cold front from the cydone, 
north of the Great Lafces in Fig. U.Tfcc outline of the main areas of alto doud and 
cimw cloud as seen from the htgh«t levels of the rocket flights has been entered on 
the map in (his figure. 




Fig. 1 1— Surface w«alh»r nap tor July 26, 1949, 1 130 MSI 



In the Rio Grande vallty, the southern sharp edge of the alio cloud sheet it located 
near Socorro, New Mexico, while the more irregular northern edge lies about 50 mi 
farther uprivcr in the region south of Albuquerque, New Mexico. The front cloud is 
thin, show! holes anil cracks at many plates, ami does not seem to give any frontal^ 
precipitation. Nevertheless, (he strip of frontal cloud marks an important air-mass limit 
between siihsident polar air to the north and partly thundery tropical air to the south. 

Presumably also of frontal origin arc the cirrus clouds, which an be seen to extend 
in 2 zone near the "Mexican border parallel to the atrip of ahostratus-altocumulus. The 

For the reader with access to the complete sttjuencc of pictures taken from the Aerobcc 
(firing time <>:« A.M., MST) and the V-2 ( 1 1 :0> a.m., MST) the detailed description 
of the frontal-c'oud ctrru*, artociimtdiis. and altostratu* on pages 40 through 42 may 
be useful. The study of the pictures from low altitude in conjunction with those from 
the higher altitude is a help toward the right interpretation of the unfamiliar look of 
clouds from 60. to 70 miles elevation. 

The distribution of the frontal cloud, viz., altocumulus, alrostratus, and cirrus, can be 
understood from an inspection of the maps of upper winds in Fig. 12. The line of 
convergence, marking the front, goes through New Mexico on the l-f,000-ft map just 
where the strip of alto cloud is seen oh the composite photograph in Fig. 13. While 
there is a general afflux of- tropical air to the fine of convergence at 8000 ft, the flow 
picture is more complicated south of the front at 1-1,000 ft, owing to the splitting up 
of the stfotfopica! high into two cells, one over northern Mexico and one over the 
Mexican Gulf. West 'of the Mexican high, the tropical air continues to flow toward the 
front, thus keeping the ztnp.of alto cicud. from Flagstaff, Arizona, to the Rio Grande, 
narrow and well defined. Farther cast, the tropical air partly branches off southward 
around the Mexican high, and what there is available of frontal cloud will be thinning out 
and spreading over a large area (such as that shown by the northeasi-tpudrant pictures). 

The cirrus iflrte through southern Arizona and New Mexico lies along a line of con- 
vergence between northerly and easterly winds on the 30.000-ft imp. This line of con* 
vergenceat 30,000 ft is not the same as that shown at l-i,0O0;ft between the cold high 
over Utah and the warm high Over northern Mexico. Already, at 18.000 ft (not repro- 
duced), the cold high has disappeared, and, farther up, the warm high is found to tilt 
northwestward so as to be centered over northwestern New Mexico at 30,000 ft. The 
origin of the cirrus probably must be sought over the front a day or two earlier, when 
it must have had the usual high build-up of cloud typical of rainy fronts. The light 
northerly winds to the cast of the 30,(iQO-ft high-pressure center must have separated 
the cirrus from the stagnating frontal altocumulus strip over northern New Mexico and 
herded theiii into the zone of convergence between northcrlics and easterlies at the 
Mexican border. The westward vicwi Ihcrforc show the cirrus and altocumulus in two 
parallel lories separated by a llO-to-iOO-milc-wiilc cloudless space. The eastward views, 
on the other hand, cover an area where, in the distance, the altocumulus is drifting 
southward as "prefrontal cloud" with about the same forward edge as that of the cirrus, 
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Fig. 12— S«I«!«d 
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Rg. 13— Cempoi'tt* phfttasfopht taken fram V-2 and Aaraat* raekrt %JiH on July 56, 1M* 
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THE Alft-MASS CLOUDS 

The cumuli and cumulortim!)! are easy to recognise from any rwicct elevation. They 
form preferably over mountain 01^-0, whereas the large -desert flats remained cloudless 
at the time of the rocket flights. There is fjuiie 3 noticeable growth of allcumuliform . 
cloud in the interval between the tiding of the Aerobe? picture (<t;47 a.m.) and the 
V-2 pictures i_iJ:0> a.m.). Of particular interest is the different cloud growth in the 
poLir air north of the front and the tropical air to its south arid also the different 
cumuliform activity in the various parts of the tropical air. 

The cumuli north -f the front arc rather flat, even where they feed on the thermal 
convection over the M.OOO-ft peaks of the Rockies north of Durango, Colo. No anvils 
arc to be seen over the entire area north of the front. South of the front there arc several 

dearly seen in the southwest horizon), which may have led (o anvil forms later in the 
day. Inc strongest Convcitivc activity is seen Over Mexico and the western edge of the 
Arizona plateau from the border to Flagstaff. Scattered thundershoueK wcre-rcpartcii 
over that area at 1130 MST and more general thunderstorms at 1730 MST. No 
turnutonimbt can be seen, and no thunderstorms were reported during the day over 
the low-lying western part of Arizona and what can be seen of California beyond. New 
Mexico his towering cumuli and a few cwmulonimbi over the mountain ranges (lose 
to the front, but (he greater part of the state south of (he front is cloudless apart from 
the band of cirrus along the Mexican border (which may hide some cumulus under- 
nca'h) In the eastern skies, cumulus activity is 'very sparse. No cumulus heads arc seen 
to pirrce the altocumulus level, except it great distance eastward. That local develop- 
ment can probably be identified with the showers reported at Abilene and Fort Worth, 
Texas (-100 to 100 miles away), later in the day. the southeast quadrant, which is free 
of altocumulus and cirrus, except for the nearby area, shows only small and scattered 
cumuli. No showers occurred in that direction during the day. 

The great variation of cloudiness and cloud form along a west-to-cast profile (Ftg. U) 
south of the front can be understood as the result of the "cell structure" of the sub- 
tropical belt of high pressures. Farthest west, the Pacific anticyclone is in its normal 
position over the ocean; a warm continental anticyclone can be seen in the maps of 
upper winds from ft upward, with its axis tilting from western Texas at 10,000 

ft to northwestern New Mexico at 30,000 ft. i-mally. a third anticyclone is located in 
low layers over the Gulf of Mexico. The air of the Pacific anticyclone forms a shallow 
cold wedge invading the California coastal strip, and the air of the Gulf anticyclone 
forms a deeper, moderately cold wedge revering most of Texas. Between the two cold 
wedges, the "continental tropica! air" of the middle anticyclone occupies widening 
space with increasing elevation. 

The low cloud of the Pacific anticyclone is known to be only of stratus type. Above 
the stratus, the air is kept very dry through sinking. The aicof the western end - f the 
Gulf anticyclone lies in a wedge shape under that of the warm touttnintil anticyclone. 
The sloping boundary surface between the two air masses (both tropical) is at the same 
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Fig. 14— Profile along 32°N 

time characterized by the change from southed/ winds below lo northerly winds above. 
That feature in (he wind field is found at I f.OOO ft at ihc Texas coast and tills down 
toward 8000 ft in the region of the highlands of western Tcxis and northern Mexico. 
The air space below thit tilting surface of discontinuity is above freezing temperature, 
so that even at the Tew coast no complete anviWapped shower clouds can form, 
tooting toward the Gulf Anticyclone from the relict (to the rij;ht of the eastward cirrus 
on the piitures) very few cumuli are seen, and they are all of moderate size, as can 
be expected from Fig. 11. 

The middle anticyclone cell in Fig. li. being warmer than those to the west and 
cist, occupies widening space with height, and lh; cumulus towers in that space arc not 
hindered in their growth by air-mass boundaries. All the high -reaching Cur.iuliform cloud* 
seen from the rodet belong to that warmest subtropical cell of high pressure. The 
greatest density of cuniuliform cloud is observed over the northern Mexican highlands, 
whr.-e moist tropical air from the south is injected below the level at which the warm 
sr.ticyclonc begins to appear (see the 8000ft map in Fig. 12). From that main region 
of cumulus activity, a narrow branch of high-reaching cumuliform cloud extends along 
the mountain ranges at the western edge of the Sonora and Arizona high pJateau (a 
favorable region for convection, because of slope circulations between the western low- 
lands and the high plateau). Farther east, inside the same anticyclone (southern New 
Mexico), the cumulus activity is weal; oc absent. This is probably owing to the fact that 
the lower levels have been invaded by polar air (see the HOflO-ft map, Fig. 12). 

Right along the frontal strip of alto cloud from Flagstaff to the Rio Grande, the 
convective activity ti favored and breaks through the alto level to form anvil tops. The 
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more diffuse continuation of (he front cast of the flio Crandc is not associated with 
any cumulonimhu formation for several hemdrtd milti. The diuant cumulonimbus for- 
mation toward Abilene, Texas, is probahl/ at the front or just to the south of it. The 
converging flow at 8(100 ft (Fig. 12) in that region stem* to justify the cumulonimbus 
formation thete. 

The tilt of cumuli can be seen to indicate an increase of westerlies with height in the 
polar air toward the far northern edge of the cloud panorama. The shape, of :hs cumuli 
closer to the north side of the front indicates very light winds and little change of wind 
with height. South of the front, the cumuli drift from the West and dissolve downwind 
from the mountain ranges over which they were formed. The tilt of the Arizona 
cumulonimbi shows a slight increase of southcrhes with height, and the anvils of the 
cumulonimbi over Mexico, due south of the rocket, show increasing easterlies with 
height. These wind shears observed through cloud tilts would indicate temperature 
decrease both northward, westward, and southward from therockct side. This is corro- 
borated by the radiosonde temperatures in I he middle and upper troposphere measured 
in the morning and in the evening of the launching day. Actually, the launching took 
place in a warm upper anticyclone. Big Springs, Texas, being the warmest place at 
300 mb with a — 27°C From the center of the upper Warm high, the cumulonimbi in 
*\\ directions should be seen to tilt toward the right. The distant cumulonimbi due cast 
Jo not reveal any definite tilt, but apparently they are located only a v«y little east 
of the warmest point. 

SUMMARY 

fn summary, it may be said that the rocket nii'uro add a considerable amount of 
interesting information to the ordinary weather-map analysis, and, in addition, that the 
accumulated knowledge from the maps helps us in the new problem of interpreting 
what wc sec from high-level rocket pictures. The amotion as to how much of the 
synoptic picture cm be derived from the rocket photographs alone has been treated in 
the main body of the report. It may be added that although, in the present report, the 
ordinary surface and upper-wind maps had to be used to J. great extent to arrive at the 
total picture, accumulated experience from several analyses by joint rocket and con- 
ventional methods would make it possible to arrive at the right analysis by rocket 

The rocket pictures will certainly show all fronts quite well. The front discussed in 
this report was a very weak one, but its existence is clearly revealed by the "frontal 
arrangement" of alto and cirrus clouds over several hundred miles. Repeated pictures 
at 2-1-hr intervals or less over wiilc areas would in most cases establish the continuity 
in time and space of each front almost as wcll-u is done by cohscculivc weather maps. 
Some difficulties may be anticipated when the background for the upper cloud is not 
so dark ai that provided by the earth. ' If the ground is covered with new snow, fog, or 
uniform low sheet clouds (strains), it may at times be difficult to discern the pattern 
of medinm and upper cloud against the background of etjual whiteness. However,., it 
can be expected that this while ludgromul will never be entirely devoid of a. structure 
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pattern cf its own whiift would present wine contrast lo the upper (loud. Moreover, 
the shadow of upper t loud thrown upon the lower cloud would certainly help lo give J 
stereoscopic view of the front.it (loud systems. 

The win.! direction it ground level would be well shown fey the smotrc from cities 
or from isolated dig factories. The wind at the cumulus level tan he observed dearly 
over hilly country, where the hills arc source regions for trails of downwind cum-jli. 
Over entirely flat touniry. that type of wind observation might fail; but the tilt cf 
individual tumuli would show the direction of the >I.'ttt of (he wind, which, in low 
levels, would show the direction of the wind ilsclf after correction w.'if, the known 
relationships between wind and wind cheat in the friilion (aycr. Where there arc cumulo- 
nimbi the winJ-wu-ar observations arc available up to about 30.000 ft. and these give 
the very useful indication of the direction of the horinmnl temperature gradient (90' 
to the left of the wind shear valor in the notlhern hemiiplitrc). In die usual middle- 
fjtiludc pictures, the wind shears would !>e much stronger and easier to observe than in 
the case considered in this report and would mainly point out the normal tropo spheric 
decrease of temperature polc-wjrd. Deviations from that due northward direttion of the 
horizontal temperature gradient would show the location of cold and warm tongues. 
which is one important feature of the three-dimensional synoptic pieturc. 

The everlasting shortcoming of the synoptic analysis by rocket pictures alone lies in 
the fact that no enjantitativc picture of the pressure field is obtiincd. Only indirect, and 
very uncertain, guesses can be made regarding the depth of low-pressure (enters and 
the change with height of the h<vizantjl pressure gradient (from the wind shears). 
But even in this problem. acctinudak-d experience might help, TItc observable change 
from Jn open-front wave to an occluded vortex (in a time succession of pictures) would 
tell about the intensification of the corresponding low-pressure center and its growth 
up to the higher layers. Or. as another example, the "steering" of a small cyclone by the 
circulation system of a larger one may he synthesized from i coverage of pictures in 
time and space. The implication <onternmg (he pressure field should then be that the 
cyclone providing the tenter of steering must he a cold-iore one having J greater depth 
of its pressure center in higher layers, whereas the steered cyclone should be i wjiib- 
corc shallow one having a moderate present pressure minimum with potentialities 
for deepening. 

A detailed description of the cirrus and llic alto cloud as seen on Acrohcc ptiturcs 
(9:-I7 A.M. MST) and V.» pictures (11:113 A.M.. MST) is as follows: 

CIRRUS CLOUDS— SEEN FROM VARIOUS ELEVATIONS 

A good view of the citrus from Mow is afforded by the Aerobe* pictures 3, 1. and j 
(westward), 10 and It (eastward ). I. 1 and 13 (southward), and M, 1\ and 16 (west- 
ward). There is no cirrus in the northern sky. The next eastward views in 21 and south- 
eastward in 22 show paUlies of attcKimiutus under the rocket level, the cirrus still hetni; 
above, llw following pi.tutcs. 2.1 through 27. sho« tl lc traursmg of the cirrus level in 
views changing slowly from southwest to west northwest. Tlie cirrus has a flat lop. 



■10 



Pictures 2H through 31 (northwestward) show some small patthc* of distant cirrus 
imbedded in banc. With a temporary rocket spin opposite to that observed .in the bo 
ginning of the flight, pictures )& through All give v/uUwuA views of nearby dense 
CitniJMrcn from above. Next, the views change back from west past north to cast, where ' 
the eastward part of the cirrus zone is now seen from ^bove in pictures 46 through 58. 
The haic horizon, which presumably rn.uks the tropopauie, is still well above (he cirrus. 
In pictures Y) and 60, the next southeastward views toward the sun, the haze horizon 
is sharp and probably not far from the level of the rocket. The eastward and nearby 
part of ihe cirrus *onc can alio be seen in prelum 72, 73, H 86, 99, 100, U3. U4, 
127, 138, I'll* M2, IB. IV>, 157, 170, 171, 181, 18), 198. 199. 212, 213. 230, 231, 
and 232, but no westward view is available because of the orientation of the rocket. 

Jn the V-2 pictures, the cirrus begins to appear on picture 20 at the left edge of the 
west-northwest oriented view. Pi'tiutw 35, 16, and 37 arc oriented more due west and 
show more of tht,- cirrus, still extending from the left edge, TTic following picture* turn 
more northward, away from the citrus. In Id through (k), the cirrus zone to tftf-'cait' 
ward is seen, already below the rocket level. In 91 through 9-f, a corresponding view 
of the westward part of. the cirrus ionc is seen, very much like the composite view from 
the maximum altitude. The nearby arid distant parts of the western cirrus are seen again 
in 117 through 121, 1-16 through My, 17-1 through 178, and 201 through 208, and 
the eastern cirrus is seen in 211 through 219 and 227, 228, and 229 (end of film). 

There is a noticeable difference in theappaicnt whiteness of the eastward arid west- 
ward cirrus when seen from abore. With the sun In the southeastern quadrant, the 
cirrus in the east offers a better light reflection than that >n the west. The cirrus toward 
the sun is as white as (he water clouds (altocumulus and cumulus) below, whereas the 
cirrus in the west appears greyish in comparison with them. 



fti the Acrobce pictures looking northward, across White Sands, the frontal strip 
of altocumulus' can be faintly seen through the haic in piiturcsH. 18, and 19. In 21 
and 22 there are nearby patches of aitocuniului below (he rocket. In the northwestward 
views gf 30 through 31, some distant patchy altocumulus is seen, which must belong 
to the front. The same appears more clearly in (I through -f-f. East of the Rio Grande, 
in -14 and -fi. the altocumulus is also found, but in small, patchy sheets. In the east- 
northeast view, in -fti, altocumulus sheets are seen in the 'distant left and cirrus in the 
near tight. The same sweep along the frontal altocumulus {"torn west past north to east- 
northeast js seen in 53 through 18, 6fi through 72, and 80 through 8V With tticrcasim* 
height of the rocket, extensive distant sheets of altocumulus appear toward the east and 
northeast (81), at one place toward the east pierced by cumulus heads. The higher 
pictures from the Aerobe? add nothing essential .to the above survey of alto clouds. 

The first frontal alto cloud In the V-2 pidurcs K«me visihleK-hmd the tumuks of 
the Black Range on piiture 30 but disappvar.'owing to the turn of the mket, after 3(>. 



Thy reappear on }H, where a tumulcmiinbm ij alio seen to pierce the flat sheet of aire- 
cumulut ai (he right edge of the photograph. The same cumulonimbus it vxa in in and 
4';. The altocumulus now extends across the Rio Grande, where il had a break in the 
Aerobcc picture* V - * "' before. The continuous altocumulus fcclt now ends 50 miles— 
cast of 'he Rio Grande, and toward (he northeast only distant altocumulus can be seen. 
The northeastward view from higher IcveJj, in pictures 79, fiO, 129, 130, I5ft through 
160, 186, 187, IflK, and 223 through 22», shows widely scattered altocumulus but in 
leu amount than on the Aerobe* picture*. The cumulus head piercing the altocumulus 
on Aerohee picture JO Has developed a large anvil ((enter of V-2 picture 226). 

In centrist to the unorganised, widely scattered altocumulus in the northeast cjiradrant, 
there is an orderly arrangement of altocumulus jnd altostratus in the northwest cguadrant 
along that part of the front extending west of the Rio Grande. 



APPENDIX II 
FILMS AVAILABLE FOR THIS STUDY 
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